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  Forward Osmosis(FO) is recently paied attention to preprocessing of the Reverse Osmosis(RO). It 
can reduce the input power of RO plant. It is required to reduce the salt concentration at outlet and 
increase the permeation flow rate. In this paper, the characteristics of the fresh water flow and osmosis 
are studied for the hollow fiber membrane module used in RO system. It is cleared that  the 
disappearance of fresh water and the concentration polarization in hollow fiber largely influence the 
reduction of permeation flow rate in the case of the low fresh water flow rate . Concentration of fresh 
water and the leakage of salt influence the reduction of permeation flow rate in the case of high fresh 
water flow rate. 
 







































Jw 淡水の透過流束 [m3/(m2・s)] 
A 淡水の透過係数 [m/(Pa・s)] 
Δπ 膜間の浸透圧差 [Pa] 
ΔP 膜間の流体力学的圧力差 [Pa] 
M モル濃度 [mol/m3] 
R 気体定数 [kg・m2/(K・mol・s2)] 
               
平成 27 年  1 月 23 日受理 
＊  長崎大学工学研究科（Dept. engineering, Nagasaki-university） 
＊＊  協和機電工業株式会社（Kyowa-kiden Co., Ltd.） 
44
 
T 絶対温度 [K] 
Js NaCl の透過流束 [kg/(m2・s)] 
B NaCi の透過係数 [m/s] 
Cd,m 塩水側膜表面でのモル濃度 [kg/m
3] 
Cf.i 淡 水 側 イ ン タ ー フ ェ ー ス で の モ ル 濃 度 
[kg/m3] 
R 塩分阻止率 [-] 
K 拡散抵抗 [s/m] 
πd,m 塩水側膜表面での浸透圧 [Pa] 
πf,m 淡水側膜表面での浸透圧 [Pa] 
S 構造パラメータ [m] 
D NaCl の拡散係数 [m2/s] 
τ 屈曲率 [-] 
t 膜の厚さ [m] 
ε 空孔率 [-] 
πd,b 塩水側バルクでの浸透圧 [Pa] 
πf,b 淡水側バルクでの浸透圧 [Pa] 
kd 物質移動係数 [m/s] 
Sh シャーウッド数 [-] 
dh 水力直径 [m] 
Re レイノルズ数 [-] 
Sc シュミット数 [-] 
L 中空糸膜全長 [m] 
di 中空糸膜の内径 [m] 
do 中空糸膜の外径 [m] 
q 中空糸１本における淡水流量 [m3/s] 
l 中空糸長さ [m] 
P0 淡水入口圧力 [Pa] 
ν 動粘度 [m2/s] 
ρ 密度 [kg/m3] 
q0 淡水入口流量 [m
3/s] 
Ps 塩水側圧力 [Pa] 
 
２．実験装置および方法 



























































































































































Inner diameter : 60[μm] 



















































Fig.6 Permeation flow rate of experimental value 
 
 



































ある．構造パラメータ S は，膜の空隙率 ε [-]，膜構造





































































Fig.10 Flow model of fresh water in hollow fiber 
 
図 10 中に示してあるとおり，微小な中空糸長さ dx






















































   
 
Fig.12 Reduction of permeation flow rate for every effect 
■ Increase of osmotic pressure 
in fresh water side 
■Concentration polarization 
■Disappearance of fresh water 
3.5 
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